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The ongoing COVID-19 pandemic has not only globally caused a high number of causalities, but is also
an unprecedented challenge for scientists. False-positive virus detection tests not only aggravate the
situation in the healthcare sector, but also provide ground for conspiracy theorists. Previous studies have
highlighted the importance of software choice and data interpretation in virome studies. We aimed to
further expand theoretical and practical knowledge in virome studies by focusing on short, virus-like DNA
sequences in metagenomic data.
Results
Exemplarily, analyses of metagenomic data from the dried-out Aral Sea basin in Uzbekistan showed that
Coronavirus-like sequences have existed in environmental samples before the current COVID-19 crisis. In
the analyzed environmental datasets, diverse Betacoronavirus-like sequences were detected, which also
included SARS-CoV-2 matches. Moreover, the data sets harbored regions that show complementarity to
PCR primers that are currently in use for virus detection and origin tracing.
Conclusions
Our study con rms the importance of parameter selection, especially in terms of read length, for reliable
virome pro ling. Natural environments are an important source of Coronavirus-like nucleotide sequences
that should be taken into account when virome datasets are analyzed and interpreted. Moreover, the
identi ed test primer binding sites in metagenomic data might play an important role for the development
of reliable test systems and origin tracing.
Background
The worldwide pandemic of COVID-19 (CoronaVirus-Disease-2019) due to SARS-CoV-2 started in 2019
and has since affected several million people and caused hundreds of thousand deaths (WHO). Both
numbers were still rising at the time point of concluding this study. It is commonly accepted that SARS-
CoV-2 (also known as hCoV19 and 2019-nCoV), the pathogen behind COVID-19, is a zoonotic virus which
originated from bats (1, 2) and underwent most likely at least one more recombination event in another
intermediate host, before being able to infect humans in large scale (3). A similar mechanism has been
already described for two other severe human pathogenic Coronavirus outbreaks, SARS-CoV and MERS-
CoV, for which civets (4) and dromedary camels (5) were identi ed as intermediate hosts respectively.
Regarding SARS-CoV-2, the discussion about possible intermediate hosts is still ongoing and so far
snakes (3) and pangolins (6) have been suggested. The occurrence of a speci c mutation in the receptor
binding domain of the spike protein is considered crucial, which consequently allows the virus to dock on
human cells as has been already excellently reviewed elsewhere (7). In addition to the unclear origin of
SARS-CoV-2, the health sector had been drastically challenged by a scarcity of reliable detection
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methods. Indeed, the genome of SARS-CoV-2 is very similar to those of other Coronaviruses, particularly
to SARS-CoV. Consequently, false-positive detections of Coronaviruses may complicate epidemiological
studies. This is particularly relevant for natural ecosystems, containing complex microbiomes, where
viruses can be abundant and diverse (8). Foregoing approaches have demonstrated the importance of
assembly strategies for short reads to facilitate reliable virome analyses (9). In the context of the current
pandemic, detection of Coronavirus-like sequences, not necessarily belonging to SARS-CoV-2, may
compromise the study of the natural distribution of this virus, a feature with relevance for understanding
the viral dissemination from a One-Health approach. In this short report we aim to raise awareness of the
environmental virome and coronavirus-like sequences. Current data supports the hypothesis that the
environmental virome as well as short virus-like sequences are the main reasons for various
uncertainties.
Methods
We studied the rhizosphere microbiome of common seablite Suaeda acuminata (C.A.Mey.) Moq. to
understand the ecology of this  rst pioneer plant of extreme environments. Two composite samples (A53,
A102) analyzed here are part of a larger collection taken in August 2019 near the Large Aral Sea’s west
shore line in Uzbekistan. DNA was extracted by an established rhizosphere DNA extraction protocol, as
described previously (10) and metagenomic shotgun sequencing was conducted by the commercial
provider Genewiz (Leipzig, Germany; Illumina HiSeq2500; 2 × 150 bp). Sequencing adapters were
removed and reads were trimmed and  ltered with trimmomatic (11). The viral taxonomy of high-quality
reads was assessed via Kaiju in MEM (maximum exact match) mode (12; viruses-only from the NCBI
RefSeq database, compiled on 22.05.2020). Additionally, bowtie 2 (ref. 13, unpaired mode, default
parameters, allowing one mismatch) was used to align a list of primers and probes designed for SARS-
CoV-2 detection by different internationally renowned institutes and published on the website of WHO
(14) against our metagenomic datasets. Sequences containing ambiguous characters were aligned
separately for each possible nucleotide exchange. Subsequently, we performed a megablast search of all
complete readpairs which were identi ed by one of the two approaches against various NCBI nucleotide
databases: Betacoronavirus GenBank, updated 2020/05/22; Coronaviridae SRA Contigs, updated
2020/05/22; Nucleotide collection (nt), updated 2020/05/21 (ref.15 + 16).
Results And Discussion
Only a small fraction of the datasets could be assigned to viruses with the Kaiju MEM approach. In
sample A53 the viral fraction accounted for 0.85% (479,108 of 56,395,621 reads) and in sample A102 it
accounted for 0.95% (475,389 of 50,057,128 reads). Of these, 0.01%-0.02% were assigned to
Coronaviridae in both datasets and a few of them were even classi ed as SARS-CoV-2 (4 reads in A102
and 3 reads in A53, see Fig. 1). These were short (11 amino acids) exact matches of orf1ab polyprotein
(YP_009724389.1), nucleocapsid phosphoprotein (YP_009724397.2), and a membrane glycoprotein
(YP_009724393.1). The hits were subjected to a megablast search against NCBI databases and did not
Page 4/9
return any signi cant hits besides the nucleocapsid phosphoprotein read which was together with its
paired read also found in the genome sequence of the archaeum Haloterrigena turkmenica DSM 5511
(CP001860.1; Nucleotide collection (nt)). Out of the 55 primer and probe sequences published by WHO
(14; Supplementary table 1), eleven could be detected at least once in at least one of the two datasets
(Table 1). As in most cases only one primer of a primer-pair was detected, we would not expect these hits
to lead to positive test results. The only case where forward and reverse primers of the same primer-pair
were detected were the primers nCoV_IP2-12669Fw and nCoV_IP2-12759Rv from Institute Pasteur, Paris,
France. These were found in both datasets, but the associated qPCR Probe which would also be needed
for a clear positive test could not be detected. Generally, all detected sequences were detected at a very
low abundance (< 40 reads) with the exception of the qPCR Probe WH-NIC_N-P of the National Institute of
Health, Thailand, which was detected in one order of magnitude higher (Supplementary Table 1).
Megablast search of the SARS-CoV-2 test-sequence reads found only one unpaired read, which was hit by
the 2019-nCoV_N2-R primer (US CDC, USA), that was also identi ed partly (43/150nt) in a bat
metagenome virus discovery project (SRP224019; Coronaviridae SRA Contigs). Additionally, 33.5% (A53)
and 42.8% (A102) of SARS-CoV-2 test-sequence reads had reported hits in the nucleotide collection (nt)
database while the remaining reads were unknown. Because of the low proportion of viral sequences in
the datasets, which is not surprising for metagenomic datasets, it was not possible to assemble longer
sequences for more reliable database alignments as previously recommended (9). Nevertheless, we also
examined the  anking regions on the short reads identi ed as SARS-CoV-2 by the Kaiju-MEM approach
hit by the SARS-CoV-2 test-sequences and found that they could not be aligned further to SARS-CoV-2
genomes available at GISAID (17).
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Table 1
List of SARS-CoV-2 detection primer sequences which can be aligned with at least one of the
datasets (A53 and A102). Only positive or negative alignments are shown, for more details see
Supplementary Table 1. Two exact WH-NIC N-P alignments were detected, all other alignments
were reported with one mismatch.
Primer name Institute A53 A102
ORF1ab_R China CDC, China + -
nCoV_IP2-12669Fw Institut Pasteur, Paris, France + +
nCoV_IP2-12759Rv Institut Pasteur, Paris, France + +
2019-nCoV_N1-F US CDC, USA + +
2019-nCoV_N2-R US CDC, USA + +
NIID_WH-1_F501 National Institute of Infectious Diseases, Japan + -
NIID_WH-1_F509 National Institute of Infectious Diseases, Japan + +
NIID_WH-1_Seq_R24865 National Institute of Infectious Diseases, Japan + -
HKU-ORF1b-nsp14F HKU, Hong Kong SAR + -
HKU-NP HKU, Hong Kong SAR - +
WH-NIC N-P National Institute of Health, Thailand + +
Consequently, we argue that, although primers for detecting SARS-CoV-2 and other short sequence
matches were found, their  nding does not support that the virus was actually present in these samples.
We rather detected naturally occurring relatives or Coronavirus-like sequences of which most are of yet
unknown origin. The latter is more plausible as we implemented a DNA-based approach. Nevertheless,
the fact that Coronavirus-like sequences and even short exact matches to SARS-CoV-2 were detected,
hints at the presence of yet unknown environmental viruses or related sequences in this exemplarily
analyzed plant-associated habitat. Considering that we also found SARS-CoV-2 test-primer and -probe
matches, the existence of such sequences provides a possible explanation for the occurrence of false
positive tests as recently reported by news outlets (18, 19) that were welcomed by conspiracy theorists.
Conclusions
Based on our  ndings we hypothesize in the ecological context that the plant rhizosphere and other
natural environments host certain Coronaviruses and/or related nucleotide sequences with a yet
unknown role in these ecosystems that remain to be explored in the future. Nevertheless, we still want to
stress that the analysis of short sequences from metagenomic data is valuable to identify environmental
sequences which might interfere with reliable SARS-CoV-2 detection as most of these test primers and
probes have so far only been validated against other known Betacoronaviruses and other viruses that
cause respiratory diseases (e.g. 20, 21). As SARS-CoV-2 has been detected already multiple times in
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wastewater samples, it has been proposed that wastewater surveillance might be a good strategy for
early detection of SARS-CoV-2 outbreaks (22). Our results indicate that pro ling of non-assembled virome
datasets by standardized microbiome analysis work ows or simple real-time PCR tests are not reliable
enough to avoid false positives in complex microbiomes such as those present in soil or wastewater.
Speci c studies of complex environmental microbiomes will be required, preferably based on RNA-centric
approaches with representative sequence lengths, to elucidate the distribution of Coronaviruses and to
distinguish them from Coronavirus-like sequences. We are con dent that microbiome research can
contribute to understand and predict further outbreaks and to implement required actions to avoid them,
because viruses are part of the microbiome and their indigenous stability and plasticity is fundamental.
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Supplementary File 1. Interactive Krona Chart of Figure 1A that includes all reads assigned to viral
taxons.
Supplementary File 2. Interactive Krona Chart of Figure 1B that includes all reads assigned to viral
taxons.
Supplementary Table 1. More detailed version of Table 1. Listing all names, sequences, originating
institutes and hitcounts of primer/probe sequences which could and could not be aligned to our datasets.




Krona charts with all short-read-based hits for Coronaviridae in plant rhizosphere samples retrieved from
the dried-out Aral Sea basin. A: Coronavirus-centric metagenome pro le of sample A53. B: Coronavirus-
centric metagenome pro le of A102. Coronaviridae account for 0.02% (A) and 0.01% (B) of the detected
virus sequences. The collapsed snapshots were created with the visualization tool Krona (23) and
modi ed for a better overview. Interactive Krona Charts are available in the supplementary material
(Supplementary  le 1&2).
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